INTRODUCTION {#sec1-1}
============

Intubation with endotracheal tube (ETT) is the key management of airway control in emergency situations.\[[@ref1][@ref2]\]

Endotracheal intubation has an approximate failure rate of 8%.\[[@ref3]\] Unrecognized intubation of the esophagus is relatively infrequent, but is followed by morbidity and mortality.\[[@ref4][@ref5][@ref6]\]

Direct visualization of an endotracheal tube passing through vocal cords into the trachea during intubation is a proper confirmation of correct tube placement. However, when a patient has a Cormack and Lehane scoring of 3 or 4,\[[@ref7]\] the vocal cord aperture is not easily visible; therefore, it is always necessary to confirm ETT intubation with a secondary technique.\[[@ref8][@ref9]\]

There are many described techniques for confirming correct ETT intubation, including the colorimetric capnography, negative pressure devices, visualization of a condensed vapor settled on a tube, and chest radiography. However, each of them has its own limitations and none of them are ultimate.\[[@ref3][@ref10][@ref11][@ref12]\] Although capnography has high sensitivity and specificity, it has false-negative results in severe airway obstructions, low cardiac output, serious hypotension, and pulmonary emboli.\[[@ref13]\]

Ultrasound is an accessible, convenient, fast, portable, relatively inexpensive, pain-free, and safe method that offers the confirmation of ETT independent of the patient\'s physiology. Frontal and lateral walls of almost all upper airway segments are visible by the ultrasound either partially or completely.\[[@ref14]\] The material of an endotracheal tube which is mainly plastic is hyperechoic, which makes it distinguishable from the surrounding tissues and facilitates the visualization.

Ultrasound can quickly and efficiently visualize the motion of the diaphragm and pleura, which are indirect quantitative and qualitative indicators of lung expansion indirectly.\[[@ref15][@ref16]\] If ETT is placed in a correct position, bilateral motion of the diaphragm toward the abdomen can be visible.\[[@ref17]\] Besides, by intercostal view, simultaneous motion of the pleura with ventilation can be viewed as a lung sliding sign.\[[@ref18]\]

In this study, we assessed the sensitivity and specificity of the diaphragm motion in right subcostal ultrasound view in confirmation of the correct intubation in the setting of an emergency department (ED).

MATERIALS AND METHODS {#sec1-2}
=====================

The study setting was the ED of a large teaching hospital. The subject group included patients admitted in the ED that had the indication of intubation for any reason. Candidates who were awake and had been spontaneously breathing after intubation were excluded; only apneic or paralyzed patients were selected to view their diaphragm motion only with artificial ventilation. Moreover, patients who had cardiopulmonary arrest were excluded from the study, because the accurate control of their conditions was impossible.

The third-year emergency medicine residents familiar with the general application of emergency ultrasound performed ultrasound imaging after an initial training. The training consisted of 1-hour course of upper abdomen ultrasound imaging, especially diaphragm and liver. The confirmation of ETT placement was done by the sonographer. The other residents were skilled in ETT placement and could properly identify esophageal intubation. All procedures were supervised by an emergency medicine attending.

The intubation was performed using a 7.5 or 8.0-mm ETT and direct laryngoscopy for visualization of the glottis.

Following the rapid sequence intubation, the patients were ventilated with the bag by residents and ultrasonography was simultaneously performed. The ultrasonographer and intubator did not communicate with each other all through the trial.

A portable ultrasound machine, Fukuda Denshi 4300R (Type: Portable Ultrasound; Brand Name: FUKUDA DENSHI; Place of Origin: Japan; Model Number: FF Sonic UF-4300R) with a 3.5-MHz curved probe, was used. The probe was placed in the right upper quadrant of the abdomen, exactly below the edge of the ribs with a 45 degree angle toward the chest near the midclavicular line. The probe was toward the right side of the patient \[[Figure 1](#F1){ref-type="fig"}\]. This view provides a suitable vision of the liver and echogenic diaphragm \[[Figure 2a](#F2){ref-type="fig"}\]. During positive pressure via ventilation with bag (inspiratory phase), diaphragm motion toward the abdomen was registered as an intratracheal intubation. In contrast, the observation of diaphragm motion toward chest or non-significant motion was in favor of esophageal intubation \[[Figure 2b](#F2){ref-type="fig"}\].

![Position of the probe on the patient\'s abdomen](IJCIIS-3-113-g001){#F1}

![(a) Diaphragm view in the right subcostal area before ventilation. (b) right side diaphragm position during the positive-pressure ventilation](IJCIIS-3-113-g002){#F2}

In all patients, postintubation evaluations like pulse-oximetry and auscultation were performed simultaneously with ultrasound. If the ultrasound view supported esophageal intubation or equivocal ultrasound findings, and the intubator was not sure about seeing the tracheal tube passing via the vocal cords, the patient would be immediately evaluated with repeated laryngoscopy by an emergency physician. If the laryngoscopy confirmed esophageal placement, the patient would be extubated, re-intubated, and the previous intubation would be set as an esophageal intubation. In case the sonographer reported tracheal intubation and pulse-oximetry and auscultation confirmed it, no laryngoscopy was performed and the patient was under control by pulse-oximetry and heart monitoring for 15 minutes. When the oxygen saturation did not drop or the hemodynamic of the patient was stable during the 15 minutes, it was registered as successful ETT placement. In cases when the intubator was sure about seeing the passage of ETT via the vocal cords, the final confirmation was set as the correct tracheal intubation. Finally, X-ray was taken for diagnosing right bronchus intubation after confirming the intubations.

Statistical analysis {#sec2-1}
--------------------

Sensitivity and specificity were calculated with 95% confidence interval (CI). Results were generated using a STAT_DAG excel spreadsheet.\[[@ref19]\]

A 2-by-2 table was used to calculate the sensitivity and specificity of the ultrasonography to help identify tracheal and esophageal tube placement.

Approval {#sec2-2}
--------

Approval was obtained from Local Research Ethics Committee of Tehran University of Medical Sciences. Our study conforms to the provisions of the Declaration of Helsinki.

RESULTS {#sec1-3}
=======

Thirty-four (60%) men and 23 (40%) women were enrolled in the study. The average age was 59 ± 5 years.

The ultrasound identified 11 out of 12 correctly placed esophageal intubations for a sensitivity of 92% (95% CI = 62-100), but misidentified one esophageal intubation as tracheal.

The sonographers correctly identified 43 out of 45 (96%) tracheal intubations for a specificity of 96% (95% CI = 85-99), but misdiagnosed two tracheal intubations as esophageal. The positive predictive value was 85% (95% CI = 55-98) with the negative predictive value of 98 (95% CI = 55-98). The accuracy was 95% (95% CI = 85-99). The values are displayed in [Table 1](#T1){ref-type="table"}.
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DISCUSSION {#sec1-4}
==========

The American College of Emergency Physicians recommends the confirmation of correct ETT placement in all patients at the time of initial intubation. They assert that an ultrasound may be useful as an adjunct to identify and monitor the proper location of ETT. However, enough evidence is unavailable to support the widespread implementation of it.\[[@ref9]\] Pfeiffer, *et al*.\[[@ref20]\] in their study manifested that ETT placement with ultrasound is faster than the standard method of auscultation and capnography and is as fast as auscultation alone.

Although the observation of the chest rise, the auscultation of the abdomen and lungs, and visualizing "misting" in the ETT are the primary confirmation of ETT, these are mistaken in 30% of inexperienced examiners and are highly dependent on one\'s skill. Therefore, it is rational to use secondary methods to confirm the proper placement of ETT intubation.\[[@ref13]\]

Capnography seems to be the most sensitive tool as the secondary method with the sensitivity of 93% and specificity of 97%.\[[@ref13]\]

Studies have evaluated the role of ultrasound in non-emergency situations.\[[@ref20][@ref21][@ref22][@ref23]\] Our study was worthy of note, because it was performed in a real emergency setting.

In previous studies, multiple views of ultrasound imaging have been used to confirm ETT placement: Vertical or horizontal transcricothyroidal,\[[@ref23]\] suprasternal,\[[@ref23][@ref24]\] and lung sliding sign.\[[@ref21][@ref22]\] All of these studies support the sensitive use of ultrasound in ETT confirmation.

In addition, studies have shown that ultrasound can diagnose paralyzed diaphragm.\[[@ref16][@ref17]\] Therefore, it seems practical to detect diaphragm motion during the positive-pressure ventilation by using ultrasound imaging of it. Hsieh, *et al*. studied the use of diaphragm motion for confirmation of ETT correct placement on 59 children in prenatal intensive care unit (PICU) setting. They diagnosed all intubations correctly with ultrasound imaging with sensitivity and specificity of 100%; however, they had only two esophageal intubations.\[[@ref25]\] Kerrey, *et al*.\[[@ref26]\] used diaphragm motion view of ultrasound in confirmation of correct ETT placement in 66 children in PICU. They evaluated the diagnosis of right main bronchus intubation. In their study, the sensitivity and specificity were 88% and 64%, respectively. Although sensitivity and specificity of the ultrasound in our study were high, we cannot strongly state that the ultrasound is a sensitive and specific method, because the confidence interval for sensitivity and specificity were rather wide.

Studies have identified the intubation of the right main bronchus using diaphragm motion or observation of the lung sliding sign by placing the probe in the left side of the chest; however, left side of the chest is not as good as the right side for seeing the diaphragm motion.\[[@ref22][@ref26]\] If the patient is paralyzed or apneic, it would be suitable to evaluate the diaphragm motion in the right side of the chest to diagnose the esophageal intubation.

The passage of ETT using cricothyroidal ultrasound in a dynamic view has a high sensitivity and specificity; however, the sensitivity decreases following the intubation.\[[@ref23]\]

It is not necessary to use the ultrasound throughout the procedure of intubation. Because we evaluate the diaphragm motion during the ventilation, the ultrasound is preferably used at the end of intubation.

Different areas of the body are available to evaluate ETT position. In emergency settings, performing ultrasonography in the neck area can disturb the process of intubation. In addition, performing transcricothyroidal or suprasternal ultrasonography needs more experience and a linear probe with a frequency of greater than 7.5 MHz which may not be found in the majority of EDs. Subcostal ultrasonography does not disturb the intubation process, because it is far from the intubation site. On the other hand, it needs less experience than the other sites. Therefore, it seems that in emergency situations, subcostal and intercostal views (sliding lung sign) are more applicable.

Because of the high-quality view of the diaphragm motion on the right side of the chest and less need for skill compared with the intercostal view, the right subcostal view could be a more suitable view for diagnosing correct tracheal intubation in ED.

One of the major limitations of using lung expansion in evaluation of correct ETT place is when the patient breathes spontaneously. These patients already have diaphragm motions during their inspirations. Therefore, it is better to utilize diaphragm motion in paralyzed, apneic, or bradypneic patients; moreover, a big mucus plug can prevent adequate lung expansion and can lead to false-positive ultrasound imaging supporting esophageal intubation. Although breathing would be a bias to diagnose the correct ETT placement, the extent of diaphragm motion in spontaneous breathing is totally different from a positive-pressure-supported breathing. As a result, further studies are needed to evaluate diaphragm motion quantitatively in a spontaneously breathing patient.

Limitations {#sec2-3}
-----------

The incidence of misplaced ETT intubation in ED is not obvious; however, studies based on out-of-hospital intubations reflect the rate of 6.7%\[[@ref27]\] to 25%.\[[@ref28]\] In our study, the esophageal intubation rate was not clear because of the high exclusion rate. Also, this method can fail to diagnose right bronchus intubations. Other methods like auscultation can be used as an adjunct in order not to miss the right bronchus intubation.

Another limitation of our study is that we did not confirm the correct place of ETT by capnometer. Although end-tidal carbon dioxide detection is the most accurate method to estimate ETT position, our study lacked this method.

CONCLUSION {#sec1-5}
==========

This study suggests that diaphragm motion in right subcostal ultrasound view is a sensitive and specific secondary confirmatory method for diagnosing ETT place in apneic or paralyzed patients undergoing intubation in ED. Further studies should be performed to carry out more comparisons between methods.
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